ABSTRACT
and may result in malunion. [2, 4] Malunion of the forearm could cause loss of motion, particularly in pronation and supination and lead to unsatisfactory functional outcomes. [5, 6] Therefore, particularly in children with irreducible and unstable forearm fractures, the rate of those who chose surgical treatment for pediatric forearm fractures has increased in the last decade. [7, 8] A nationwide study conducted in Finland showed that the annual incidence of operatively treated forearm fractures increased by 62% between 1997 and 2006. [7] Accepted surgical indications for pediatric both-bone diaphyseal forearm fractures include irreducible, unstable, highenergy, or open fractures. [9] Intramedullary (IM) fixation is currently the commonly preferred technique for diaphyseal forearm fracture treatment in children. [9, 10] The other approved and preferred procedures are plate and screw fixation, a combination of plate-screw and IM fixation, and single bone osteosynthesis. [11] [12] [13] Although there are some studies, the type of implant to be preferred for IM nailing is not well studied. The aim of this study was to compare functional and radiographic outcomes of elastic stable IM nailing (ESIN) and
INTRODUCTION
Forearm fractures are generally considered to be the most common injuries in children. Closed reduction and cast application are the gold standard treatment for minimally displaced and stable forearm fractures in the pediatric group. [1] [2] [3] Most patients aged <8 years will remodel even bayonet apposition and angular deformity of at least 10°-15°, but particularly in children older than 12 years of age, unstable diaphyseal fractures of the forearm treated conservatively remodel poorly Submitted: 08.07.2016 Accepted: 12.01.2017 K-wire fixation for treating both-bone diaphyseal forearm fractures in children.
MATERIALS AND METHODS
This was a prospective, randomized, and comparative trial. Between April 2014 and May 2015, 43 patients with bothbone open or closed forearm fracture who underwent surgical treatment with IM fixation were randomly allocated into two groups. Three patients did not return for the follow-up and were excluded from the study. Twenty of the remaining 40 patients were assigned to the ESIN group (ESIN fixation for both the radius and ulna) and 20 were assigned to the K-wire group (K-wire fixation for both the radius and ulna). The inclusion criteria were (1) patients aged 8-16 years, (2) both-bone forearm fractures be included in 22-D4 and 22-D5 according to the AO Pediatric Comprehensive Classification of Long Bone Fractures, [14] (3) failure to obtain or maintain adequate closed reduction [15] (>10° angulation in the AP or lateral plane, any rotation of both bones, and translation of bone fragments > half of the bone diameter), (4) no previous forearm injuries, (5) no pathologic fractures, and (6) no Gustilo-Anderson type 3B or 3C open fractures. [16] Informed consent was obtained from all parents and from all children aged ≥12 years. Approval for this investigation was obtained from the local ethical committee.
Demographic data suggested no difference between the two groups except for the side of injury (Table 1) . Perioperative data included duration from injury to surgery, duration of surgery, type of reduction (open or closed), duration of immobilization postoperatively, and duration from primary surgery to implant removal.
Surgical Technique
All patients were operated under general anesthesia. The standard operative technique as described by Lascombes et al. [17] was used in all cases. Closed reduction was first tried under fluoroscopy. After closed or open reduction, the radial fracture was fixed retrograde using a titanium elastic nail in the ESIN group and using a K-wire in the K-wire group and advanced through a drill hole just proximal to the distal radial epiphysis. The ulnar fracture was fixed IM with a lateral approach through the posterolateral part of the olecranon. Titanium nails have pre-bent tips. The tip of the K-wires was bent by the surgeon with an angulation of 20°-30°. All titanium nails and K-wires curved to approximately 20° at the fracture level. Implants were chosen with a diameter of 2 mm for those aged ≤10 years and with a diameter of 2.5 mm for those older. A 3.2-mm drill size was chosen for all children (Figs. 1 and 2).
Both groups followed the same postoperative procedure, which was above elbow cast immobilization until callus formation was observed on plain radiographs or maximum at 6 weeks. Sutures were removed 14 days postoperatively. All patients returned for evaluation after postoperative 1 st , 2 nd , th months. Fracture union was defined by bridging callous across at least three cortices of the bone on anteroposterior and lateral radiographic views based on the description by Schmittenbecher et al., [18] which defined fracture union beyond 3 months as "delayed union" and that beyond 6 months as "nonunion."
Functional outcomes were evaluated at the end of the postoperative 1st year according to the criteria developed by Price et al. [2] The pronation and supination ranges of the fractured forearm were measured using a conventional goniometer. [5] The outcomes were graded as follows: excellent, if no complaints with strenuous physical activity or a loss of pronationsupination of <10°; good, if mild complaints with strenuous activity and/or 11°-30° loss of forearm rotation; fair, if subjective complaints during daily activities and/or 31°-90° loss of forearm rotation; and all other results were considered to be poor. The loss of forearm motion on the affected side was compared with that on the unaffected forearm.
Complications were classified as "minor" (recover with observation or minimal intervention) and "major" (requiring a return to the operating room or resulting in significant longterm sequelae).
Statistics
All statistical analyses were performed using IBM SPSS ver. 23.0. The Shapiro-Wilk test was used to test normality. Continuous variables were compared using Mann-Whitney U test and t-test. Categorical variables were compared using Pearson's chi-squared test, Fisher's exact test, and FisherFreeman-Halton test. A p-value of <0.05 was considered to be significant.
RESULTS
The cohort comprised 5 girls and 35 boys. The mean age was 11.60±2.69 years. The mean height was 137.5±13.08 cm and the mean weight was 38.7±9.06 kg. Except the proportion of patients who were conservatively followed preoperatively, all perioperative data were similar between the groups (Table 2) . Furthermore, both radiographic and functional results were similar (Table 3 ).
There were three open fractures in total. Two of them were Gustilo-Anderson type 2 open fractures in the ESIN group and one was type 1 in the K-wire group (p>0.05). There were two patients with delayed union, and they had open fractures (each in both groups). One child in the ESIN group developed pin-tract infection in the radius because of skin irritation. This was successfully treated with oral antibiotics and wound care. In the K-wire group, one patient had a re-fracture 4 months postoperatively following the removal of the pins. This was also successfully treated with open reduction and IM fixation.
DISCUSSION
The main finding of our study was that IM fixation of forearm fractures with ESIN or K-wire in children does not affect radiological and clinical results. There was no significant difference in the union time of fractures, rate of postoperative complications, range of motion of the elbow and wrist, and postoperative symptoms. When all patients were evaluated together, IM fixation of forearm fractures in children has successful results and lower complication rate than those reported in other studies. [1, 10, 19] Although closed reduction and cast immobilization remains the gold standard treatment for minimally displaced and stable pediatric forearm fractures, [1, 2] the rate of operative treatment of pediatric forearm fractures has substantially increased in the last decade. [7, 8] However, the optimal method for surgical fixation of pediatric forearm fractures is still controversial. Well-established surgical options include IM nailing, [1, 10, 20] open reduction and internal fixation with plates and screws, and hybrid fixation. [10, 12, 21] In a systematic review, Patel et al. [10] reported similar functional and radiographic outcomes and complications with IM nails and plates used in the treatment of both-bone diaphyseal forearm fractures in children. But they stated that IM nailing was an effective treatment option for these fractures with shorter operating times, improved cosmesis, and easier hardware removal. In another study, Feng et al. [12] compared clinical outcomes of hybrid fixation using ESIN for radius and plate-screw fixation for the ulna with dual ESIN fixation for both-bone forearm fractures in children. They reported that hybrid fixation has some advantages in terms of the times of fluoroscopy during surgery, duration of immobilization postoperatively, delayed union of the ulna, and the average time of bone union.
Although IM nailing is well-accepted and generally preferred technique for diaphyseal forearm fracture treatment in young children, the type of implant was not well-established. Several advantages of ESIN fixation have been described for pediatric both-bone forearm fractures. [10, 22] Antabak et al. [22] reported that ESIN osteosynthesis for diaphyseal forearm fractures remains a valid technique with good functional results. However, some complications of ESIN, including delayed union and nonunion of the ulna, infection and skin irritation, implant migration or failure, loss of reduction, nerve and tendon injury, and compartment syndrome, have been reported. [1, 12, 22] Yung et al. [23] also concluded that percutaneous IM K-wiring with immobilization in a cast is an easy, minimally invasive, and safe method with a good functional outcome. He stated that only 5 of 57 patients had angulation from 10° to 15° and none had nonunion, premature epiphyseal closure, or deep infection. Calder et al. [24] assessed the outcome of K-wires or ESIN as the method for fracture stabilization in such diaphyseal forearm fractures and demonstrated no difference in outcome between K-wires and ESIN as our study, although the nails do offer some theoretical advantages. Despite theoretical advantages of ESIN fixation, like more elastic properties of titanium nails than K-wires achieving better three-point fixation and stabilization, [17] it is unclear whether this property provides some clinical advantages in both-bone forearm fractures. In this study, both K-wires and titanium nails were less bent than in the original technique, regardless of whether they provided three-point fixation or not. But because of this modification, all patients underwent plaster immobilization to ensure rotational stability. The advantages of three-point fixation may be rotational stability in addition to providing radioulnar spacing, and some patients do not need plaster immobilization. On the other hand, there are known cost implications between the two kind of implants. K-wires are less expensive at 12 TL per wire compared with 322 TL per nails for titanium nails. This price difference could be important, particularly in developing countries.
Removal of implants remains a controversial issue. Removing plates is usually harder than removing nails. When removing metalwork, the risk of re-fracture must be considered. In some studies, nails were routinely removed in all patients [19, 25] and in others, none or some were removed. [1] Furthermore, re-fractures were reported in both ESIN and plating groups. Implant removal times were also variable. Although early removal of implants may result in re-fractures, delayed removal may reveal surgical difficulties. We removed all implants postoperatively at a relatively early period and re-fracture occurred in only one patient.
Although the children were blinded for the implant, the orthopedic surgeon was not blinded during clinical follow-up, which might have influenced clinical measurements. Obviously, blinding of the surgeon was impossible because of radiologic evidence of the implant type. Postoperative immobilization was used in all patients in both groups. But this study did not evaluate whether all of the patients needed immobilization or not. In this study, we treated patients aged between 8 and 16 years with IM fixation. However, particularly in older adolescents, there may possibly be a threshold in terms of age, which would make plate and screw fixation more effective. This could be determined in a future study.
Conclusion
In conclusion, in our study, fewer complications were observed in pediatric both-bone forearm fractures with IM nailing compared with the results of other studies. Both ESIN and K-wire fixation were effective in stabilizing pediatric diaphyseal forearm fractures. There was no significant difference between the two techniques in terms of union time of fractures, rate of postoperative complications, range of motion of the elbow, and postoperative symptoms.
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